Background India has the largest number of child deaths of any country in the world, and has wide local variation in under-5 mortality. Worldwide achievement of the UN 2015 Millennium Development Goal for under-5 mortality (MDG 4) will depend on progress in the subregions of India. We aimed to estimate neonatal, 1-59 months, and overall under-5 mortality by sex for 597 Indian districts and to assess whether India is on track to achieve MDG 4.
Introduction
Deaths in children younger than 5 years fell in India from about 2·5 million in 2001 to 1·5 million in 2012, 1 yet India still has the largest number of deaths in children younger than 5 years of any country in the world. India's large population and its enormous variation in social circumstances, access to health services, and other correlates of under-5 mortality mean that national statistics mask large local variation in sex-specific under-5 mortality and how this changes over time. Achievement of the UN 2015 Millennium Development Goal to reduce under-5 mortality (MDG 4) worldwide will depend in large part on progress in reduction of death in children younger than 5 years in the subregions of India, and in particular reductions during the neonatal period (first month of life) as well as at ages 1-59 months. 2 India's MDG for under-5 mortality is 38 deaths per 1000 livebirths by 2015. Programmatic attention has shifted to India's districts-small administrative areas each with about 2 million people-that now control the programme priorities within the National Rural Health Mission, 3, 4 launched by the Indian Government in 2005, and the more recently launched National Urban Health Mission. 5 The Indian Government places special focus on the nine poorer states of Assam, Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Orissa, Rajasthan, Uttar Pradesh, and Uttarakhand.
Reliable estimation of district-based under-5 mortality is a key obstacle to rational planning and assessment of services. We aimed to combine demographic totals of national and state deaths in children younger than 5 years with nationally representative demographic and mortality surveys to estimate neonatal, 1-59 month, and overall under-5 mortality by sex for 597 Indian districts in 2001 and 2012, and to assess whether India is on target to achieve MDG 4 in 2015.
Methods

Data sources
In this study, we make use of data from several surveys to calculate under-5 mortality across India. We divided the 2012 UN sex-specific birth and mortality totals for India 1 into state totals using the weighted average of relative birth rates and mortality for 2009-11 from the Registrar General of India's yearly Sample Registration System (SRS) 6 and the third National Family Health Survey of 2005-06 (NFHS3). 7 We further divided state totals into totals for the 597 districts (as defined in the 2011 census) using birth histories from two rounds of the District Level Household Surveys of 2002-04 (DLHS2) 8 and 2007-08 (DLHS3). 9 We divided the resulting under-5 mortality into neonatal mortality and 1-59 month mortality from the ratios reported in six national mortality surveys: DLHS1 (1998- 12 The chief benefit of this method is to produce internally consistent estimates-ie, district totals to equal state totals, and state totals to equal the 2012 UN estimates for India for each sex and age group (neonatal and 1-59 months). All surveys are nationally representative and together include 24 million people, 4 million households, 3 million birth histories, and 109 000 deaths in children younger than 5 years. Detailed methodology and brief descriptions of each survey are presented in the appendix (pp 1-4).
Estimation of national, state, and district totals
To estimate under-5 mortality state totals, we derived the crude birth rate (CBR), neonatal mortality, and under-5 mortality from weighted averages of data in SRS (2009-11) and NFHS3 (2005-06) to estimate livebirths, neonatal deaths, and 1-59 month deaths for each of India's 35 states and union territories, based on the 2011 census population. We applied the proportion of state totals out of national totals to the 2012 UN national totals for each sex, and adjusted them (by no more than 0·5%) to ensure that the sum of states matched the sex-specific national totals. We derived CBRs from the DLHS2 (2002-04) and DLHS3 (2007-08) and applied them to the 2011 census population for each district. We adjusted district births (by a mean of 1·1% [SD 0·03]) to ensure that the district totals matched each sex-specific state total for 2012. We derived district mortality totals in three steps. First, we estimated infant (first year of life) and under-5 mortality for each sex using the open source module QFIVE from the UN mortality estimation software MORTPAK4.3. 13 The software used pooled birth histories from DLHS2 and DLHS3 for 3·2 million children ever born and 2·9 million surviving children tabulated by age of the mother and the UN's south Asian mortality model life table. We derived neonatal mortality by using the proportion of neonatal deaths out of all infant deaths from the pooled data in the six national mortality surveys. Second, we calculated each district's under-5 and neonatal death totals by combining the census 2011 population, the DLHS2 and DLHS3 CBRs, and the aforementioned under-5 and neonatal mortality. estimated these numbers using UN data as 20 deaths per 1000 livebirths during the neonatal period and 18 deaths per 1000 livebirths at ages 1-59 months (table 1; appendix p 6). Each district was characterised in relation to its MDG-4 progress into: districts that have already achieved MDG 4 or are on track to do so by 2015, districts lagging behind MDG 4 by up to 5 years, and districts lagging behind MDG 4 by more than 5 years (ie, will achieve MDG 4 only after 2020). The excess female mortality at ages 1-59 months is the ratio of female to male mortality at these ages. During the neonatal period, female and male mortality is roughly equal 15 and thus is combined. We compared each district's under-5 mortality for 2012 with the 2001 census results (also derived using birth histories). 16 The 2001 census under-5 mortality was only slightly higher than the UN or SRS estimates for the same period.
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Uncertainty
The two main sources of statistical uncertainty arise from the district-specific inputs of children ever born or surviving and from the proportion of neonatal deaths out of all deaths in children younger than 5 years. For each district we provide 99% (a relative SE of 2·58) for lower and upper limits of the estimated under-5 mortality (appendix pp [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The relative SE is defined as the inverse of the sum of the two square roots for the number of children ever born and the number of deaths in children younger than 5 years. These methods are similar to those used in the NFHS3. 18 The SRS does not publish uncertainty estimates for its state total; however, the 2001 and 2011 censuses are complete surveys and not samples and thus have little error. Census 2001 showed high completeness; 19 the 2011 census has yet to report completeness. Misclassification between definitions of sex, or of neonatal and 1-59 month deaths, is small.
Role of the funding source
The sponsors of the study had no role in the study design, data collection, data analysis, data interpretation, or writing of the report, or the decision to submit for publication. PJ had full access to the study data and final responsibility for the decision to submit for publication.
Results
The nine poorer states contained nearly half of all people in India in 2012 and just over half of all births, but 1·0 million (71%) of the 1·5 million deaths in children younger than 5 years (table 2) . Compared with the richer states, the poorer states have notably higher mortality per 1000 livebirths in all three age categories (table 2) . Girls had higher mortality at ages 1-59 months than did boys, meaning that nationally, for every 100 deaths of boys at these ages in 2012, 131 girls died. India's under-5 mortality fell at a mean rate of 3·7% (IQR 3·2-4·9) per year from 96·0 per 1000 livebirths in 2001 17 to 57·3 per 1000 livebirths in 2012 (figure 1A and 1B; appendix). During the same period, the number of districts with under-5 mortality of more than 80 deaths per 1000 livebirths (>8% risk of newborn babies dying before age 5 years) fell from 384 (64%) of 597 districts to 80 (13%). In the districts with a child death risk of greater than 8%, the mean under-5 mortality fell from 114 to 94 per 1000 livebirths, and the proportion of livebirths in these districts out of national totals fell from 68% (18·3 million) to 15% (3·8 million).
Progress is less encouraging when examining the rate of decline needed to achieve the MDG 4 of 38 deaths in children younger than 5 years per 1000 livebirths by 2015 ( figure 1C and 1D ). In 2012, 222 (37%) of all 597 districts lagged behind this MDG 4 by more than 5 years, an improvement from the 267 (45%) districts that were similarly behind in 2001. In 2012, 90 (15%) districts lagged behind this MDG 4 by more than 10 years. 222 (37%) districts-the same number of districts as those that are lagging behind-are on track to achieve MDG 4, and this improvement is only slight compared with the 186 (31%) districts similarly on track in 2001. Notably, the number of districts lagging behind has increased in the richer states of Andhra Pradesh, Gujarat, and Karnataka. Only in the states of Kerala and Tamil Nadu have all districts achieved The absolute decline in under-5 mortality is an appropriate measure to reduce geographic (and to some extent social) inequalities, because programmatic goals for each district are linked to the achievement of national goals. However, similar conclusions emerge with the use of relative declines from 2001 to 2012 in under-5 mortality (appendix p 36). Under-5 mortality fell at less than 3·75% per year (about the national average decline) in 236 districts, between 3·75% and 4·49% in 135 districts, and 4·50% or greater in 226 districts. Districts lagging in relative terms are more often seen in the richer states (except for Tamil Nadu and Kerala) than are districts lagging in absolute terms. 42 districts had yearly relative declines of 2% or less in under-5 mortality between 2001 and 2012 (figure 2); 18 of these 42 districts are in the richer states, including five in Andhra Pradesh and six in Gujarat (appendix pp 37-38). By contrast, yearly relative declines exceeded 6% per year in 47 districts, of which 21 are outside Kerala and Tamil Nadu, but only one in a poorer state. Districts lagging behind the goals, by any amount of time, for neonatal or 1-59 month mortality overlapped (correlation coefficient 0·66). 81 (14%) of the 597 districts in India (68 in poorer states) are home to 37% of the national deaths in children younger than 5 years ( figure 2; appendix pp 39-40) .
Female mortality at ages 1-59 months exceeds male mortality by more than 25% in 303 districts (appendix p 41) and by more than 50% in 169 districts ( figure 3) . Excess female mortality is seen in nearly all states, including Kerala and Tamil Nadu, which otherwise have relatively low under-5 mortality. Nationally, the 303 districts with excess female mortality are home to more than 58% of female livebirths and 68% of female deaths at 1-59 months, totalling about 74 000 excess deaths in girls (appendix p 41).
The Annual Health Surveys (AHS) 20 estimated under-5 mortality in 284 districts of the nine poorer states for 2012. At the state level, the means and the SDs of under-5 and neonatal mortality are similar between the AHS and our study (appendix p 42). The Spearman correlation was 0·57 for under-5 mortality and 0·46 for neonatal mortality with our district results. The numbers of districts lagging behind MDG 4 by more than 5 years were similar between the AHS and our results.
Discussion
We provide standardised estimates of neonatal, 1-59 month, and under-5 mortality for 597 districts of India and measure progress against the 2015 MDG 4 (appendix pp 18-32). Most Indian districts will only achieve the MDG for under-5 mortality well beyond 2015 and India as a whole will only achieve it by about 2020. Although under-5 mortality has fallen substantially in India, 1, 21 an equal number of districts (222) are on track to achieve MDG 4 as those who will achieve it after 2020. The average under-5 mortality in the 222 lagging districts (71 per 1000 livebirths) is about the same as reported in Kenya in 2012. 2 Since more than 40% of India's livebirths occur in these lagging districts, much faster progress in reducing under-5 mortality is needed in these districts. Our estimates take into account the accelerations in yearly under-5 mortality declines from about 2008 onward, including in the poorer states. 6 Excess female deaths at ages 1-59 months are seen across India, even in districts in south India with relatively low under-5 mortality. Selective abortions of girls are estimated to have totalled about 4-12 million between 1980 and 2010, and the practice has spread to most regions. 19 However, the correlation between excess female deaths and low girl-to-boy ratio in children younger than 6 years was weak (data not shown).
It would be cost effective to focus resources on the 81 districts accounting for about a third of all deaths in children younger than 5 years. 4 The Indian Government has used similar targeting for 264 districts with low measles vaccination rates 22 and has recently defined 184 districts as top priority on the basis of DLHS3 and census data. 23 These definitions of priority districts overlap with our definition of the 222 lagging districts (data not shown).
Earlier results from the ongoing Million Death Study 15 have shown that the leading causes of death at ages 1-59 months are pneumonia and diarrhoea; together they contribute most to the female-male mortality gap at these ages. Effective interventions against these two diseases include introduction of Haemophilus influenzae type B, rotavirus, and conjugate pneumococcal vaccines and expansion of outreach programmes for case management of pneumonia and diarrhoea. 4 Our estimates take into account the increasing proportion of neonatal deaths out of all deaths in children younger than 5 years as overall under-5 mortality declines. A surprisingly high number of the districts in the richer states lag behind the neonatal goals. Nationally about 42% of neonatal deaths in 2005 occurred within the first 2 days of life and about 80% of all neonatal deaths were due to three disorders: birth asphyxia or birth trauma, low birthweight and prematurity, or infections. 15 These disorders are amenable to effective low-cost care, but the interventions rely on the availability of facilities. 4 More districts lag behind the neonatal goals than the 1-59 month mortality goals, and such districts are distributed among richer and poorer states, which suggests the necessity of renewed national attention on strategies to reduce neonatal deaths. 4, 24 For example, the Indian Government's cash payment scheme introduced in 2006 has raised the proportion of births in hospitals, 23 but the scheme has few incentives to reduce early neonatal mortality.
Finally, all districts could benefit from better accountability and assessment of their performance, 4 including reporting on the causes of neonatal death and deaths at ages 1-59 months. 25 The AHS cover the nine poorer states from 2010 to 2012. As expected, under-5 mortality estimates vary across districts (and even between AHS and SRS results). 6 Understanding the variation in all-cause rates needs district-level estimates of the major causes of death, which are not yet available.
By necessity, our analysis is crude and several possible sources of error need to be considered. The main statistical uncertainties arise from the data extracted for children born and those who have died and the proportions of those that are neonatal or aged 1-59 months (appendix pp [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The ratio of the number of children born to the number of those who died and the proportions of neonatal and infant deaths were generally stable over time for major states (data not shown). Our estimates showed similar results to the AHS (appendix p 42). Female births are underreported compared with male births. 16 Calibration to UN totals partly adjusts for the undercounts in death and birth rates in the SRS 26 and in the major surveys, particularly for missing girls and for neonatal deaths. District rates carry uncertainty from the input survey data, and we provide crude estimates of their error. Further direct district surveys, and a comparison with the birth histories from the 2011 census, are needed to improve the precision for each district and to reproduce our findings. Notwithstanding these statistical uncertainties, our estimates provide an important, replicable (appendix pp 1-4), and transparent method to drive local debate and decisions on allocation of resources by the National Rural Health Mission and major disease control programmes for child survival (panel). 4 Much of the underlying variation in under-5 mortality across districts reflects not only differences in access to childhood prevention and treatment services, but also measurable differences in largely unknown causative factors and in some intermediate determinants of disease risk, such as the link between nutrition and infection. 27 Further aetiological studies of childhood mortality can build upon the wide variation in age-specific and sexspecific child mortality rates in India.
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through greater investment, focus, and innovation is needed in regions and districts that are doing less well. This goal can be achieved, as shown by some of India's neighbours.
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